, taken from Hi•usler et al. [1986] . During the first release the solar wind velocity was very high (700 km/s), and the direction of the magnetic field was approximately parallel to the flow direction of the solar wind. Most of the field and plasma quantities were highly variable on time scales of 1-60 s due to the presence of particles reflected upstream from the earth's bow shock. The second release occurred during a more "normal" case with the magnetic field approximately perpendicular to flow velocity. The lack of upstream events on September 20 resulted in a much quieter plasma environment for the active experiment. The IRM observed identifiable electron cyclo- Almost immediately after each of the releases a diamagnetic cavity was formed around the IRM spacecraft. During the second release the cavity was observed for approximately 7 s, as described by Liihr et al. [1986] . After the cavity was convected downstream by the solar wind, the magnetic field returned to the prerelease value in approximately 40 s. The electron cyclotron harmonic emissions were observed by the IRM during the 3 min following the magnetic field recovery.
A spectrogram of 15 min of data from the SFR is shown in Plate 1. The spectrogram is partitioned into three panels, each of which displays the data from a 32-channel analyzer producing one spectrum per second. Several instabilities could be driven by the component of the relative velocity between the Li + ions and solar wind plasma which is parallel to the magnetic field. In this case there are three plasma populations which could interact with one another: the solar wind protons, the solar wind electrons, and the Li + ions. These are designated in this paper by the letters p, e, and i, respectively. The two processes that are most applicable are the ion acoustic instability [Fried and Gould, 1961] and the ion beam plasma instability [Fried and Wang, 1966] . The ion acoustic instability could be driven by a relative drift of the solar wind electron and proton components. Normally, the solar wind electron and proton populations both move at the solar wind velocity. But, as outlined by Gurnett et al. [1986] , the presence of the Li + beam could have distorted the solar wind electron distribution via the requirement that the net current be zero. However, during the wave emissions discussed in this work the Li + density was so tenuous that the distortion could have been only 1-2 km/s. This distortion was insufficient to destabilize the ion acoustic process for two reasons. First, the relative drift was less than the ion acoustic velocity (45 km/s), which is a critical level for this instability. Second, because Te • 2Tp, the ion acoustic waves would have been subject to large amounts of Landau damping by the solar wind protons. So the ion acoustic instability is eliminated as the cause of the observed waves. The ion beam-plasma process could be driven by the relative drift of the proton and Li + components. Gurnett et al. [1986] cited the ion beam-plasma instability as the cause of the intense burst of electrostatic emissions observed near the upstream edge of the release magnetic cavity. Detailed marginal stability calculations by Gurnett et al. [1986] showed that this process requires a lithium to proton density ratio greater than 0.02 to achieve positive growth. This calculation also assumed that the relevant drift velocity was the total solar wind velocity, which was much greater than the parallel component of that velocity. In any case, the range of the density ratio for the duration of the waves under discussion was 0.003-0.0125, so the ion beam-plasma process also appears stable.
Let us now consider the possible role of the perpendicular drift. The electron cyclotron drift or beam-cyclotron instability requires a relative ion-electron drift perpendicular to the magnetic field to amplify electron cyclotron mode waves. If the electron temperature is approximately equal to the ion beam temperature, the wave growth is due to ion Landau damping of the negative energy electron cyclotron mode. This instability has been proposed to generate the electrostatic turbulence observed near the earth's bow shock [Wu et al., 1984] . If the electron temperature is much greater than the ion beam temperature, the instability is caused by the resonant coupling of the negative energy electron cyclotron mode and the Doppler-shifted ion acoustic mode [Wang, 1970; Gary and Sanderson, 1970] . This is the case which is applicable to the AMPTE release, since the lithium ions were deposited in the solar wind with a temperature that was very low compared to the solar wind electrons. The presence of the solar wind proton population should not have modified significantly the usual characteristics of this instability, because the phase velocity of the electron cyclotron mode was much larger than the average proton velocity, and the wave frequency was much larger than the proton cyclotron frequency. Numerical calculations assuming drifting Maxwellians for the three particle populations show that the system is unstable. However, there is a basic inconsistency between the observations and any proposed electron cyclotron instability process. That is the fact that the only observed electron population was moving at the solar wind velocity. So any electron waves generated by this population would have been Doppler shifted in frequency. The amount and direction of the shift depends on the wave vector. 
where to is the wave frequency and k is the wave vector. For the perpendicularly propagating wave mode it can be assumed that k ß B -0. Since the relative drift velocity is much less than the electron thermal velocity, electron cyclotron damping should limit the angle of propagation to less than 1 ø from that perpendicular to B [Wong, 1970] . The wave frequency observed by the instrument is Doppler shifted according to the usual formula:
Elimination of the wave vector from equations (1) There are several other plasma microinstabilities which could produce electrostatic wave emissions with an electron cyclotron harmonic structure in the frequency spectrum.
The most well known are a class of instabilities that use the free energy of a positive velocity gradient in the electron distribution function perpendicular to the ambient magnetic field. An example of this type is the loss cone instability, which is often cited as the source of ECH emissions in the magnetosphere (for a complete review, see Kennel and Ashour-Abdalla [1982] ). In this case, however, the plasma observations showed no evidence of any perpendicular anisotropy in the electron distribution. It is possible that the unstable gradients in the distribution were too small to be resolved by the plasma instrument. Instabilities of this type also have the same problem with the Doppler shift of the wave frequency to very low values. Unlike a beam instability these processes generate waves that propagate at all possible phase angles to the magnetic field. The observed frequencies should cover a wide band, smearing any harmonic frequency structure, which is also inconsistent with the data. The additional frequency structure of the higher harmonic emissions in Figure 2 seems very similar to that observed in magnetospheric ECH emissions, which is not predicted by current theories [Koons and Fennell, 1984] . Although the source of these waves is not understood, we may speculate that the lack of such waves in the first release is due to the difference in the angle between the interplanetary magnetic field and the solar wind velocity. The generation of ECH waves should be related to the relative ionelectron velocity perpendicular to the magnetic field. In the first release this quantity was approximately one third that of the second release. These observations may be evidence of a critical velocity needed for the generation of the electron cyclotron waves.
